Pumice is a porous volcanic rock containing a significant proportion of silica and alumina, and which has a low iron content. This natural, silica-rich material attracts wide attention because of its applications in adsorption processes, heterogeneous catalysis and nanotechnology. In this contribution, the white amorphous silica nanoparticles were extracted using an optimized alkaline treatment and an acid-precipitation process using grey pumice powder. The isolated amorphous silica SiO 2 was characterized via X-Ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), Transmission Electronic Microscopy (TEM-EDS), N 2 adsorption/desorption measurements and simultaneous Thermal Gravimetry/Differential Thermal Analysis (TG/DTA). The obtained results indicated that the nanosilica powder was successfully prepared via the acidbase route with a predominantly amorphous mesoporous structure having a high surface area (422m 2 /g). The TEM images exhibited relatively homogeneous dispersed nanosilica particles with small sizes about 5-15 nm, in accordance with XRD data. Thermal analysis of the silica powder under air atmosphere showed total mass losses of 6.5%, with endothermic effects corresponding to the removal of water molecules and the OH of silanol groups contained in the material. The investigations performed in this work have indicated that there is great scope for pumice exploitation as a raw material in the production of amorphous silica nanopowder on large scale.
Introduction
Pumice is a cheap and abundant vesicular rock of volcanic origin, formed by the combination of SiO 2 and Al 2 O 3 at variable proportions. It can be found in many regions of the world and has been used as a raw material in several fields, such as an adsorbent in environmental applications [1] , an additive in the cement industry [2] , a low-cost reinforced filler and filter materials [3] . The natural variability of pumice's composition allows for a wide range of physical and chemical properties, which provides the opportunity for upgrading this mineral resource. It can be utilized to obtain various synthetic zeolites with open framework structures, using hydrothermal and sol-gel processes [4] [5] [6] .
Recently, the production of silica from cheap raw materials has attracted much attention because it is more economical than conventional methods, which are based on the synthesis of pure silica from tetraethyl-orthosilicate (TEOS) using the sol-gel process [7, 8] or from quartz sand by alkaline-melting at high temperature [9] . Nevertheless, the commercial methods remain very expensive and energy intensive.
Natural perlite is one of the cost-effective raw materials that have been used for extracting non-crystalline silica with high reactivity. Two distinct forms have been isolated, depending on the process conditions. The first form is aggregated particles of colloidal dimensions and the second is fine-powder amorphous silica with a large surface area, obtained by coagulation of particles from an aqueous solution [10] . Both materials have many potential applications, such as catalyst supports [11, 12] , in pharmaceuticals [13] , in vegetable-oil refining [14] and in thin films or coatings for electronic and optical materials [15, 16] .
Another efficient way to produce amorphous silica based on the low-temperature alkali extraction method has been used on agricultural and industrial wastes such as fly ash [17] , rice-husk ash [18, 19] and biomass [20] . The advantage of the method is to reduce solid wastes generated by various industries by transforming them into useful products. In addition, the alkali treatment gives rise to controlled particles of nanosilica with adjustable porosity and a large surface area, which are valued in heterogeneous catalysis and actual technological uses.
The present work is a contribution to the production of economical amorphous silica, which will be used in the second part of this research as a support catalyst for the dry reforming of methane at an ambient pressure for hydrogen production. This paper deals with the extraction method of amorphous silica material from local pumice rock, which is abundantly available in many parts of Morocco, by using acid-base leaching. This easy and effective procedure leads to the production of nanosilica materials with special properties. In order to identify the main physicochemical characteristics of extracted silica, it was examined by X-ray diffraction, FTIR spectroscopy and thermal analysis. Identification of the particles' texture and morphology was performed using MET-EDS microscopy, and the surface area was measured via the BET method.
Experimental section

Materials
The material used for the synthesis of porous silica is a natural pumice rock obtained from the Middle Atlas Mountains region in the south of Morocco. The light grey colour of this raw material is due to the presence of iron species. All chemical reagents with the highest available purity, including NaOH, H 2 SO 4 and HCl, were supplied by Merck and used as received without further purification.
Preparation of pumice
First, natural pumice rock was washed several times with distilled water before use, in order to remove any impurities, dried overnight at 90°C to evaporate the moisture and then crushed in a mortar. The crushed pumice was ground well and passed through a 180 µm sieve for chemical and mineralogical analyses, then washed and thermally activated at 500°C for three hours.
Nanosilica extraction
A simple and effective, optimized chemical process is described for extracting silica from pumice powder. Mixed with 150 ml of NaOH (3M) were 2.5 g of pumice, in a 250 ml neck flask equipped with a reflux condenser. The mixture was maintained at a constant heat (100°C) and stirred at 300 rpm for 24 hours to dissolve the silica and produce sodium silicate. The resulting slurry was then filtered through an ashless filter (Whatman N o 41) and washed with the minimum necessary amount of boiled distilled water. Silica starts to precipitate when the pH of the mixture falls to less than 10; thus, the acidic conditions were maintained until the complete precipitation of silica was achieved. An acidification and neutralization of the transparent filtrate solution was performed to form a silica gel; therefore, the solution was titrated with H 2 SO 4 (5M) to pH 7 while being stirred vigorously. The soft, white aqua gel that formed was allowed to stand at room temperature for 24 hours, before being filtered and washed with distilled water to remove the sulphate salt. The solid residue was dried at 80°C for 24 hours. To purify the silica from the soluble minerals Al, Ca, Fe and Mg, the powder was refluxed with a solution of hydrochloric acid HCl (1M) at 110°C for three hours. The suspension was filtered and washed with copious amount of distilled water, and ovendried at 110°C overnight. Calcination at 800 °C for two hours using a muffle furnace was the last step of the process, in which a fine silica powder was obtained with an excellent mass yield of 94%. The colour of pumice powder after treatment was changed from light grey to a white colour.
The chemical equations involved in the process of synthesizing silica powder are:
SiO + 2 NaOH Na SiO + H O ® Na SiO + H SO SiO + Na SO + H O ® (2)
Characterization of samples
To investigate and check the characteristics of the pumice powder and extracted silica, X-Ray Diffraction (XRD) data were collected at room temperature using an X-ray diffractometer (Siemens D 500) with copper anticathode radiation (λ CuKα =1.541838 Å) at 2θ from 10 to 90°. Fourier Transform Infrared (FTIR) spectra were obtained on a Vertex 70 spectrometer equipped with a Digitec detector, via the conventional KBr pellet method. The samples were scanned in transmission mode with 4 cm -1 resolution, at the range of 4000 to 400 cm -1 . Transmission Electronic Microscopy (TEM-EDS) micrographs were obtained with a Tecnai G2 (produced by the produce by the FEI company) operating at 120 kV with 0.35 nm resolution, and which was equipped with an EDS micro-analyser. Before analysis, the sample was dispersed in ethanol, then deposited onto a copper grid and dehydrated under a vacuum. X-Ray Fluorescence Spectroscopy (XRF, Panalytical Epsilon 5) was applied to determine the chemical bulk composition of the raw materials. The Brunauer-Emmett-Teller (BET) surface area, pore size and pore volume of materials were analysed using a nitrogen adsorption-desorption instrument (the Micromeritics Tristar II 3020 porosimeter). Samples were measured after degassing at 100 o C for three hours. The porosity and pore-size distribution was calculated using the Barrett-Joyner-Halenda (BJH) method. The simultaneous thermogravimetry and differential thermal analysis (TG/DTA) analyses were carried out using a Labsys 
Results and discussion
Chemical analysis
The chemical and phase compositions of the raw pumice powder are given in Table 1 . As result of chemical analysis, the main components were discovered to be SiO 2 and Al 2 O 3 with the average amounts of 48% and 14.9%, respectively. Moreover, an appreciable iron oxide content (6.71%) is observed, which is compatible with the grey colour of the raw pumice [21] Figure 1 displays the X-ray diffraction patterns of the pumice raw material and extracted silica calcined at 800°C for two hours. The figure shows that the untreated pumice contains crystalline minerals (Figure 1 (a) ), such as clinopyroxene (diopside, augite or basanite types), forsterite and other minerals in small quantities, such as apatite and haematite [1, [22] [23] [24] [25] . The strong broad hump, between 15 and 30° (2θ) (Figure 1 (b) ) indicates that the silica SiO 2 that was extracted from the pumice powder is amorphous and that no crystalline structure appeared [7, 9, 15] . Furthermore, the absence of peaks indicating possible impurities, such as sodium sulphate and other alkaline earth metals, confirmed the high purity of the derived silica. Figure 2 exhibits the FTIR spectra of raw pumice and extracted amorphous silica obtained after calcination at 800°C for two hours. In Figure 2 (a), the broadening band that can be observed between 1300 and 820 cm -1 is assigned to different mineral oxides present in the pumice material. The narrow band centred at 1039 cm −1 may be attributed to the presence of silica. This band confirms the highest percentage of silica in the pumice [1] , which is further confirmed by chemical analysis ( Table 1 is associated with Si-OH groups; this band's existence is due to high concentrations of silanol groups with smaller particle sizes [26] . The shoulder appeared at 3750 cm -1 , indicating the presence of hydrogen bonds that resulted from interaction between the silanol groups (Si-OH) located at the surface of the nanosilica material [27] . In both materials, the band located at 1640 cm -1 is attributed to the O-H bending vibration of the adsorbed molecular water and its corresponding stretching vibration at 3456 cm -1 . The presence of water molecules in Figure 2 (b) shows that the chemical formula of amorphous silica is close to that of SiO x , yH 2 O. These data gave clear evidence that the extracted amorphous silica from pumice by a base-acid treatment could be a chemically reactive method suitable for catalyst preparations [28] . 
XRD measurement analysis
FTIR spectroscopy analysis
TEM-EDS microscopy
The surface morphologies of raw pumice and extracted silica calcined at 800°C for two hours are displayed in Figure 3 . Analysis of TEM micrographs illustrates that particles of silica were formed via the acid-base treatment, and that they show a relatively homogenous distribution with spheroidal shapes (Figure 3 (b) ). The particle sizes of extracted silica are of a nanometric scale, with diameters in the range of 5-15 nm. The observed diffuse ring pattern is indicative of an amorphous phase consisting of nanosilica. In contrast, the surface morphology of pumice is characterized by the presence of large particles with heterogeneous sizes ranging from 1µm to quite a few nanometres (Figure 3 (a) ).These particles have different geometric patterns.
The EDS data of pumice show the presence of different chemical elements (Figure 4 (a) , Table 2 ), which is in accordance with the XRF and XRD analyses results. The EDS profile of nanosilica particles (Figure 4 (b) ) contained (predominantly) the elements of Si and O with a molar ratio of 1.8, which is very close to the stoichiometric ratio 2 of natural silica. This means that the base-acid chemical route has a beneficial effect on the removal of all minerals and impurities from pumice. The EDS, FTIR and XRD results gave clear evidence as to the high purity of amorphous silica extracted from pumice. Table 2 . Elemental analysis of pumice and silica determined by EDS
Textural properties
Both the nitrogen adsorption/desorption measurements at 77 K of the extracted nanosilica powder that was calcined at 800°C for two hours and the pore-size distribution calculated by the Barrett-Joyner-Halenda (BJH) method Figure 3 . TEM micrographs of (a) pumice and (b) nanosilica particles using a desorption isotherm are shown in Figure 5 . The shape of the isotherms is of a typical IV, with a hysteresis loop representative of mesoporosity, as based on the IUPAC classification [29] . However, this loop does not show any limiting adsorption at a relatively high pressure (P/P 0 ), which implied that the silica contains slit-shaped pores formed by non-rigid aggregate particles and no pore networks -thus satisfying the main requirements of the BJH method [30, 31] . This result suggests that silica spheres contain an abundance of mesopores. Figure 5 (inset) revealed that silica has a narrow pore-size distribution, with diameters ranging from 2 to 6 nm and an average of 5.5 nm, while the cumulative pore volume of 0.645 exceeds that reported for silica nanoparticles (0.195 cm 3 /g) derived from rice straw ash [32] and commercial silica (0.220 cm 
Thermal decomposition characteristics
Figures 6 and 7 illustrate the thermal behaviour of raw pumice and nanosilica powder calcined at 800°C for two hours, at a heating rate of 10°C/min -1 under air atmosphere with a flow rate of 60 ml/min -1 . In Figure 6 , the observable weight loss of about 6% between 30 and 900°C, with a broad endothermic effect at low temperatures, is due to the removal of moisture as well as that of OH species linked to metal oxides and volatile organic impurities present in small proportions. This result is compatible with XRF analysis (the L.O.I. is 5.71%). A previous thermal analysis study reported that at around 900°C pumice becomes soft and melts completely around 1200°C, which means that pumice can retain its thermal stability until it reaches 900°C [21] .
As shown in Figure 7 , a DTA thermogram of silica powder showed an intensive endothermic reaction in the range of 30-150°C and a shoulder at temperatures beyond 200°C. These peaks are correlated to the loss of physically adsorbed water from the surface (5.2%) and chemically adsorbed water bonded to Si-OH (1.3%) through the hydrogen bond, which corresponds well with the previous results [16] . The total weight loss of pure silica material established from TG analysis is 6.5%. Based on results we obtained via TEM-EDS microscopy and TGA analysis, and according to work by I.M. Briman et al., when studying the impact of pore-surface composition on water confined in porous silica [34] , the standard chemical formula of synthesized silica can be determined to be SiO 1.78 (OH) 0.45 .
Conclusion
Highly pure nanosilica powder was obtained via a simple alkaline treatment of cheap local pumice, which contains an appreciable amount of silicates as mineral materials. During the process, the conversion of pumice powder into silica reaches a rate of 94%. This constitutes an important and efficient method for preparing nanosilica with mesoporosity (a pore distribution of 2-6 nm) and a large surface area (422 m 2 /g), which can be easily produced on a large scale. The FTIR and XRD techniques were confirmed as able to produce amorphous silica with high purity and showed the presence of siloxane and silanol groups. The size and Figure 6 . TG-DTA thermograms of raw pumice powder morphology of silica particles were analysed by TEM-EDS microscopy, which indicated that they are dominated by spheroidal geometry, with diameters of 5-15 nm. The thermal analysis (TG-DTA) of raw pumice was found to be in accordance with XRF analysis, and showed that silica powder contains water molecules bonded physically and chemically to its surface by silanol groups via the hydrogen bond. The amorphous characteristic of the silica, its largesurface area and fine particle size, combined with its low production cost, makes it an ideal candidate for use as a support in catalysis for hydrogen production. The catalytic measurements of hydrogen production via the dry, reforming reaction of methane are in progress.
Acknowledgements
This research was supported financially by the University of Mohammed V, Morocco under the Project No. SCH 04/09, and by the Hassan II Academy of Science and Technology, Morocco.
